The study employs data envelopment analysis to a panel of commercial banks operating in Pakistan for a period 2001 -2008 in order to measure the technical efficiency of banks. Technical efficiency is then broken down into pure technical and scale components. We divide banks into three categories for analytical purposes: state owned banks, domestic private banks and foreign owned banks. We find foreign owned banks to be the most efficient, followed by state owned banks and domestic private banks are found to be the least efficient. Further, it is found that pure technical efficiency contributes more towards technical efficiency and banks are faced with serious scale problems. The scale inefficiency is found to be the main source of overall technical inefficiency. We observe an increasing trend in pure technical efficiency whereas an opposite trend is found in scale efficiency during the sample period.
Introduction
Financial sector plays a significant role in the economic development. There is a strong association between financial sector and economic growth. Financial sector of Pakistan consists of central bank, commercial banks, specialized financial institutions, insurance companies, stock exchanges and development finance institutions. However, commercial banks are most important component and play a crucial role in the financing of economy. Commercial banks mobilize the savings and thus play a vital role in enhancing the productive capacity of the economy.
The banking sector of Pakistan was nationalized in 1974 and since then it was dominated by government ownership with a minority share of foreign banks until the beginning of financial sector reforms in early 1990s. Government of Pakistan decided to undertake financial sector reforms on the advice of IMF and World Bank. The immediate objectives of reforms were restructuring of nationalized commercial banks, improving the supervision of financial institutions and licensing of new private banks. As a result, government of Pakistan privatized two major commercial banks in 1991, named Allied Bank of Pakistan and Muslim Commercial Bank. Further, ten new domestic private banks were granted license to operate in Pakistan. These steps changed pre-dominant government owned banking sector and promoted an environment of competition in the market.
The term "efficiency" is used to describe the performance of a commercial bank. Efficiency refers to the utilization of resources in such a way as to maximize the production. A bank is said to be efficient when it cannot enhance its output without increasing inputs or cannot produce the same quantity of output by using less quantity of inputs. Efficiency is a relative term; one can measure the efficiency of a bank in different years or efficiency of various banks in same year. The efficiency of a commercial bank is usually measured in terms of minimization of inputs to produce a specific level of output or maximization of output at a given level of inputs. Measuring the efficiency of commercial banks is imperative for owners as monitoring criteria of their business, it is also important for depositors to make decision about their savings and most of all it is crucial for government to assess a particular sector of economy.
The economists have taken keen interest in measuring the efficiency of banking sector because of its central role in the economic growth. But most of them have focused on US banking sector and banking sector of other developed countries, a little has so far been done on measuring the efficiency of banking sector in developing countries. Berger and Humphrey (1997) surveyed 130 studies which applied frontier efficiency analysis to financial sector in 21 countries, 60 Out of these 130 studies were conducted on the efficiency of US banking sector while most of the remaining studies were conducted on the banking sector of European countries.
The study provides an insight into the performance of commercial banks operating in Pakistan. As many changes have taken place in commercial banks due to the financial sector reforms, banking sector was dominated by government ownership in pre-reform era. As a result of reforms, the share of public sector banks has decreased significantly and banking industry has become competitive. So, commercial banks operating in a developing country, that is Pakistan, are selected for this study. In Pakistan, the issue of efficiency of commercial banks has got immense importance because of the financial sector reforms carried out by government. Therefore, the objective of this study is to measure the technical efficiency of commercial banks operating in Pakistan. Further, we break down the technical efficiency into pure technical and scale components to evaluate the extent of scale inefficiency in commercial banks operating in Pakistan.
We apply non-parametric data envelopment analysis (DEA) tool to a panel of commercial banks covering a period from 2001 -2008 . For the purpose of analysis, we divide the commercial banks into three groups: state owned banks, domestic private banks and foreign owned banks. The paper is organized as follows: a brief review of related literature is presented in next section. The DEA methodology used to calculate the efficiency is described in section 3. Section 4 discusses the sample data used in the study and construction of variables. Empirical results of the study are discussed in section 5 and section 6 concludes.
Literature Review
Given the importance of banking sector for economic growth, it has become significant to evaluate the performance of banking sector and identify the distressed banks. This may help to take appropriate measures to restructure distressed banks and ensure sustainable economic growth. Moreover, in last few decades, a large number of countries have implemented financial reforms. These reforms include privatization of state-owned banks, licensing of new private domestic banks, increased level of competition, the introduction of market based securities, liberalization of interest rate determination, free movement of capital, entry of foreign banks and change in regulatory environment. All these reforms are implemented with a view to enhance the provision of financial services to all the sectors of economy and to increase the efficiency of financial system. This section critically reviews some of the studies which have measured the efficiency of banking sector of various countries. Resti (1998) analyzed the performance of merged banks and examined the impact of mergers on the efficiency of Italian banking system. The study used a sample of 67 deals and data from 1986 to 1995. The study revealed that merged banks seem to have increased their efficiency in the years after the merger particularly when the merger occurred between two banks operating in the same local market and when the size of new entity was not too big. Moreover, efficiency increased more when merger happened between two equally sized banks. Sathye (2003) determined the efficiency of Indian commercial banks using two DEA models with different combination of inputs and outputs. The study found public sector commercial banks to be most efficient in one model and foreign banks in second model but private sector commercial banks were found to be the least efficient in both models. Similarly, Ketkar et al. (2003) also found foreign banks operating in India to be the most efficient compared with public and private owned banks. Further, he found no improvement in the efficiency of Indian banks during the study period. Canhoto and Dermine (2003) investigated the impact of deregulation on the efficiency of Portuguese banking system. This study further measures the efficiency of new banks as compared to old banks. The study revealed that the policy of deregulation adopted by the Portugal had a positive significant impact on the banking system. The efficiency of banks showed an improvement for the overall sample over the period analyzed. When considering the efficiency of new banks and old banks, the new banks were found to be more efficient than old banks. Mercan et al. (2003) examined the financial performance of Turkish Banking Sector for the period 1989 to 1999 taking into consideration the modes of ownership (public, private and foreign) and assets size. The study found that average financial performance of all the commercial banks kept on increasing until 1993 at which time it started to decrease. Foreign owned banks and private banks are found to have been more efficient than public owned banks in Turkey. The banks that were taken over by the government regulatory agency were observed to perform poorly. Burki and Niazi (2003) analyzed the impact of policy reforms on the efficiency of Pakistani commercial banks over the period 1991-2000. They concluded foreign banks are the most efficient as a group while state-owned banks are least efficient. Moreover, it is found that policy reforms of privatization, liberalization and strengthening of central bank, instead of paying off, led to a decline in efficiency of banks. Sturm and Williams (2004) measured the efficiency of Australian banking system to assess the impact of deregulation and entry of foreign banks in post deregulation period 1998 to 2001. The results showed that bank efficiency has increased in post deregulation period; however, the main source of efficiency improvement was technological change rather than technical efficiency. The study also found that foreign banks were more efficient than domestic banks. Bonin et al. (2005) measured cost and profit efficiency by applying stochastic frontier to banking sector of eleven transition countries. They concluded that privatization itself is not sufficient to increase the efficiency of banks in transition economies; they found foreign owned banks to be the most efficient particularly those with strategic foreign owner.
Bonin et al. (2005) investigated the impact of bank privatization on six relatively advanced countries, namely, Bulgaria, Czech Republic, Croatia, Hungry, Poland and Romania. The study confirmed that foreign Greenfield banks are most efficient and state owned banks are least efficient of all bank types in these six countries with respect to both cost and profit. Lin (2002) evaluated the effects of bank mergers on the bank efficiency of Taiwanese Commercial banks during the period from 1997 to 1999 using a two-stage methodology. Further, the study tried to find out whether the large institutions are more efficient compared with small institutions. The study found that a merger between a sound bank and an unsound bank does not have a significant effect on bank cost efficiency. Moreover, the study revealed that merger between banks with varying cultural backgrounds could improve bank cost efficiency. Further analysis revealed that small banks have superior performance as compared to large banks thus efficiency would seem to dictate against merger mania. et al. (2005) assessed the post privatization performance of 81 banks from 22 developing countries in order to investigate whether or not privatization improves bank performance and whether it has an impact on risk taking behavior of banks. The study found that, on average, banks chosen for privatization appeared to have lower efficiency and lower capital adequacy as compared to banks held under government ownership. The study further revealed that performance of banks in post privatization period exhibit an increase in profitability but a significant decrease in efficiency and a more credit risk exposure. However, the study found that over time privatization yields significant improvements in efficiency and credit risk exposure.
Boubakri
Omran (2007) measured the financial and operating performance of 12 Egyptian banks that were fully or partially privatized from 1996 to 1999 and compared pre verses post privatization performance of these banks. The study revealed that in post privatization period, some profitability and liquidity ratios for privatized banks declined significantly but other performance measures are not significant at any level. Moreover, the results indicated that relative performance changes of privatized banks were better than those of mixed banks with majority state ownership but worse than those of private owned banks, state owned banks and banks with majority private ownership particularly in terms of profitability. The study further found that private banks and banks with majority private ownership are more profitable and efficient than state owned banks and banks with majority state ownership.
Methodology
Several techniques have been used to measure the efficiency of banking sector but there is no consensus on a single best method for the measurement of banking efficiency. Farrel (1957) first introduced the concept of productive efficiency or economic efficiency. He divided the productive efficiency into two components: technical efficiency and allocative efficiency and we intend to measure the technical efficiency of commercial banks operating in Pakistan. Technical efficiency is defined as the ability of a firm to produce maximum output with a given set of inputs or use minimum inputs to produce a given level of outputs. The concept of technical efficiency can be understood with the help of figure 1. Consider a bank that uses two inputs X1 and X2 in order to produce a single output Y under constant returns to scale and production function of fully efficient banks is known for given level of inputs.
The figure 1 shows that the bank under study uses the combination of inputs X 1 and X 2 at point N in order to produce output Y. PP′ is the isoquant which shows the output level Y for fully efficient bank (technically efficient) by using different combinations of inputs X 1 and X 2. If the bank under study uses the combinations of inputs X 1 and X 2 at point M then it is technically efficient. So the inefficiency of bank is represented by the distance MN. Therefore, the technical efficiency of the bank can be defined as ratio of the distance from origin to point M over the distance from origin to point N, that is;
TE = OM/ON
Technical efficiency takes a value between zero to one. A value of one means bank is fully efficient and value close to zero means bank is more inefficient. A value of 0.9 means bank is 90% efficient and it can produce the same level of output by using 10% less quantity of inputs.
Two type of techniques have widely been used to measure the efficiency of banking sector; parametric and non-parametric techniques. Parametric techniques include Stochastic Frontier Approach (SFA), Distribution Free Approach (DFA) and Thick Frontier Approach (TFA) Berger and Humphrey (1997) . In non-parametric approaches total factor productivity indices and Data Envelopment Analysis (DEA) are being widely used for measuring the efficiency. Every method has its own strengths and weaknesses. Berger and Humphrey (1997) surveyed 130 studies which used frontier efficiency analysis to financial institutions in 21 countries, out of these 130 studies 58 studies used DEA to measure the efficiency frontier which shows the popularity of DEA. DEA can handle multiple inputs and multiple outputs and does not require the assumption of functional form relating inputs to outputs. Another advantage of DEA is that inputs and outputs can have different units. Charnes et al. (1978) proposed data envelopment analysis (DEA) which is based on linear programming and used to measure the efficiency of decision making units. An efficiency frontier is constructed to measure the efficiency in DEA. The efficient banks are found on the frontier and receive a value of one and a divergence from the projected frontier represents inefficiency. Farrell (1957) was the first to propose the idea for measuring the efficiency based on single output and single input. Based on this idea of Farrell, Charnes et al. (1978) Where E 0 is the efficiency score of bank under consideration, y i0 is the output of bank under consideration and x jo is the input of that bank. u i and v j are the weights of output and input which are to be determined by solving the model. The model specified above is non-linear; it can be transformed into linear form as follows: The original problem is called primal problem in linear programming and corresponding to this, there exist a dual of the problem. If primal problem involves maximization of the objective function then dual problem involves minimization and vice versa. So by applying the dual theorem to the above linear programming problem (2), it takes the following form.
Data Envelopment Analysis

Subject to:
Where, λ is a column matrix having order N*1 and containing vector of constants only while θ is a scalar. This dual problem has fewer constraints as compared to the original problem. θ denotes the efficiency score of a particular banks which ranges between zero to one. This problem is solved N times to find out the value of θ for each bank in the sample. The above DEA model assumes that all the banks are operating under constant returns to scale which is not the situation in reality. Banker et al. (1984) proposed the extension of DEA model to account for variable returns to scale. The dual of original DEA model under constant returns to scale is modified to variable returns to scale by adding a convexity constraint.
In this model K denotes a matrix of order n*1 having ones and it envelopes data more tightly than the constant returns to scale specification of DEA.
Scale efficiency is calculated by dividing the technical efficiency calculated under constant returns to scale (TE CRS ) by technical efficiency calculated under variable returns to scale (TE VRS ).
SE = TE CRS / TE VRS
Data and Construction of Variables
State Bank of Pakistan issues a publication named "Banking Statistics of Pakistan" which contains annual information on balance sheet and profit and revenue items of all the banks operating in Pakistan. The requisite data is collected from various issues of "Banking Statistics of Pakistan." This study covers a period from 2001 to 2008, during the sample period two state owned banks were privatized, some new domestic private banks entered the market, and some banks have been merged. Therefore, we have an unbalanced panel data which contains a minimum of 34 banks in 2001, a maximum of 37 banks in 2008 and a total of 285 observations. The table 1 gives a glance at the sample data used in the study.
Though a bulk of literature is available on the efficiency of banking sector, still there is little agreement on what constitutes the inputs and outputs of a bank. Therefore, the choice of inputs and outputs for measuring the efficiency of banking sector has always been a serious issue. However, there are two approaches that have been most widely used in the literature; the production approach and intermediation approach. Banks are seen as provider of services to depositor and borrowers in production approach by using traditional factors of production; land, labor and capital. In intermediation approach, banks are treated as financial intermediaries which use labor and physical assets to convert deposits and other available funds into advances. Deposits are considered as output in production approach and input in intermediation approach, which is the major difference between these two approaches. Most of the DEA studies follow intermediation approach, (Sathye 2003) . We apply intermediation approach for defining the inputs and outputs used in this study as this approach has been extensively used in banking literature for example Burki and Niazi (2003) , Canhoto and Dermine (2003) 2003). Accordingly we use three outputs variables: lending to financial institutions, investment and advances and five input variables are used namely operating fixed assets, deposits, number of employees, bills payable and borrowings from financial institutions. The table 2 summarizes the variables used in the study. The variables are measured in Pakistani rupees with the exception of number of employees.
Empirical Findings
We construct a grand frontier of 285 bank/year observations and apply DEA to measure the technical efficiency of each observation in the sample. The efficiency analysis is conducted by minimizing the above mentioned linear programming problems. Efficiency score for each bank in each year is obtained by using software named MyDEA0.99. We calculate Technical Efficiency (TE) under constant returns to scale (CRS) and variable returns to scale (VRS) and then Scale Efficiency (SE) is estimated for all the banks in sample.
The mean values of technical efficiency calculated under CRS by solving CCR DEA model are given in table 3. From the table 3, we can observe that technical efficiency over the entire period is 0.80, which indicates that banks could have saved 18% of inputs in order to produce the same level of output. Turning towards the ownership type, foreign owned commercial banks have achieved highest efficiency score (0.87) followed by the public owned banks (0.84) while the domestic private banks have been the least efficient (0.75). A possible reason for lower efficiency of domestic private banks is that several new private banks entered the market during the sample period, these banks are smaller in size and they are in expansion phase. These banks may have employed a higher amount of fixed assets, which will generate returns in future.
A closer examination reveals that among ten top performing banks, there are seven foreign owned banks and three domestic private banks. It is noteworthy that mean efficiency score of state owned banks is higher than domestic private banks but none of the state owned banks is found among the ten top performing banks whereas three domestic banks are there among ten top performing banks along with seven foreign banks. It means all the state owned banks have performed, more or less, on average. Similarly, observing the ten least performing banks there is two foreign owned banks and remaining banks are domestic private banks, which contribute to overall lower efficiency of domestic private banks. One of the two foreign banks found among ten least performing banks entered the market in the last year of sample period, so we expect the efficiency of this bank to increase in future and the second one has already closed its operations in Pakistan. Note that state owned banks are neither found among ten top performing banks nor among ten least performing banks that indicate that in spite of variations in performance over time, state owned banks have been able to maintain an average performance over the whole sample period. From the results, one can observe that foreign owned banks show superior performance as compared to state owned banks and domestic private banks. It means foreign banks are most efficient in the use of inputs.
We further observe that mean efficiency of all the banks has varied over the sample period form lowest (0. An interesting feature of DEA results is the identification of efficient units on the frontier. A total of 58 observations out of 285, about 20% of the sample, are found to be fully efficient. While breaking the analysis to ownership groups, we find that 11 out of 36 state owned bank/year observations are fully efficient, there are a total of 166 domestic private bank/year observations, out of which only 16 are found on frontier whereas 31 out of 83 foreign owned bank/year observations are found being fully efficient. It confirms the conclusion drawn above that foreign owned banks have outperformed their counterparts and state owned banks have performed better among domestic banks while domestic private banks have been the least efficient.
Further, we break the technical efficiency into pure technical and scale components. Pure technical and scale efficiency scores are given in table 4 and 5 respectively. From the tables, we observe that mean pure technical efficiency and mean scale efficiency of all the banks over the entire sample period is 0.91 and 0.88 respectively. There is a clear indication that pure technical efficiency contributes more towards technical efficiency. Turning again towards ownership type, state owned banks show the highest (0.96) pure technical efficiency followed by the foreign banks (0.94) whereas domestic private banks are least efficient exhibiting a pure technical efficiency score of 0.87. As far scale efficiency is concerned, foreign banks are at top (0.92) followed by state owned banks (0.87) and domestic private banks are again the least efficient with a scale efficiency score of 0.86. The results reveal that pure technical efficiency of state owned banks is somehow satisfactory but they need to improve their scale efficiency. State owned banks are faced with severe scale inefficiency. Both the scale efficiency and pure technical efficiency of foreign banks are above 90% indicating that foreign banks are most efficient as a group in utilizing inputs as compared to their counterparts and also they are operating at right scale compared with domestic banks. Private Banks are least efficient in both pure technical and scale efficiency. So private banks need to improve both pure technical and scale efficiencies in order to compete with their counterparts. The main difference between the efficiency of state owned banks and domestic private banks comes from pure technical efficiency, the higher efficiency of state owned banks is due to pure technical efficiency whereas the difference between scale efficiency of state owned banks and domestic private banks is not significant. figure 4 . Now, turning towards ownership type we find the mean scale efficiency of state owned banks is 0.87 whereas mean pure technical efficiency of state owned banks is 0.96, clearly indicating that state owned banks are facing serious scale problems and they really need to improve their scale efficiency. As far foreign banks are concerned their mean scale efficiency is 0.92 and mean pure technical efficiency is 0.94, both are above 90%. It proves our finding that foreign owned banks are most efficient as compared to state owned banks and domestic private banks. While observing the domestic private banks, we find their mean scale efficiency is 0.86 and mean pure technical efficiency is 0.87, both at the lowest compared with state owned and foreign banks. But in pure technical efficiency we do observe a significant improvement during the study period but no improvement in scale efficiency of domestic private banks. It is a sign that domestic private banks are also faced with serious scale problems just like state owned banks.
Conclusion
The financial sector reforms initiated in early 1990s has changed the entire banking industry in Pakistan. There was a government monopoly in banking sector during pre-reform era. However, foreign banks were operating but they held minor share. There was not even a single domestic private bank. But later on, as a result of reforms, some state owned banks were privatized and several new domestic private banks entered the market and promoted an environment of competition. This makes it extremely important to evaluate the efficiency of banks operating in Pakistan. So this study is intended to evaluate the efficiency of commercial banks operating in Pakistan for a period 2001 -2008 . Banks are divided into three groups for the purpose of analysis: state owned banks, domestic private banks and foreign owned banks. We apply data envelopment analysis for measuring the technical efficiency and then break down it into pure technical and scale components. We find the average technical efficiency is 0.80 indicating that banks could have saved 18% of inputs to produce the same level of output. Foreign banks are found to be the most efficient followed by state owned banks and private banks are found to be the least efficient. Further we find that pure technical efficiency contributes more towards technical efficiency and banks are facing serious scale problems. The mean pure technical efficiency is 0.91 and mean scale efficiency is 0.88 which gives a clear indication that diseconomies of scale do exist there in Pakistani banking industry. Moreover, we find an increasing trend in pure technical efficiency whereas a declining trend in scale efficiency during the same period. 
